This paper proposed a human capital planning model based on the analytic hierarchy process (AHP), with which the dimension for faculty number of each school in university could be obtained according to the performance assessment of teaching, research, and service. Pair-wise comparisons and the judgmental matrix were carried out considering the relationship between human capital and achievement on evaluation items of different schools. The convenient application of this estimating system was thoroughly discussed via a given example, which provided helpful information and reference to authority department when deciding the dimension of faculties.
Introduction
As part of HR management policies in most universities, the dimension for staff numbers is required to be defined based on the mission of teaching, research, and service.
Traditionally, the number of faculty positions in different school is fixed. University will release vacant faculty positions when the original academic staff retired or resigned, or when the university is going to strengthen some disciplines or develop new research areas. However, as academic faculty plays the most important role in development of university, university should be sensitive on human resources dimensioning, that is, which should be adjusted timely to meet the developing goal and requirement of university.
Seldom investigations have been done on how to make human capital planning in universities [1] . However several studies have been tried to determine personnel scale using different methods. For example, Campos and Melo [2] conceptualized the dimensioning of nursing staff by interviewing 5 general hospital managers and their respective nursing coordinators. Topaloglu proposed a model for scheduling emergency medicine residents [3] .
In this paper, a modeling system to estimate the relatively proper faculty number in university has been proposed via analytic hierarchy process (AHP) [4] . To our knowledge, this is the first time to systematically carry out human capital planning based on the performance of university on teaching, research, and service.
Method
AHP (analytic hierarchy process) theory was proposed by Thomas. L. Saaty in 1970s, by which complex issues can be structured and analyzed using hierarchical division. In this analysis, AHP software with version 0.5.2 was used to obtain the weights of index automatically.
Structuring of the Decision Problem
According to the characteristics of high education, the main responsibilities of academic faculty include teaching, research, and service. However, in universities of China, almost all the services are performed as items of research; therefore, teaching and research became the goal level in this model without considering the item of service specially. After reviewing the related literature and consulting experts, criteria and alternatives levels are formulated as shown in Figure 1 , and descriptions of different items are as followed.
Criteria in Teaching (B 1 )
• Undergraduate (C 1 ). For faculties the key responsibilities for undergraduate teaching include class teaching (D 1 ) and undergraduate supervision on the project for graduate thesis (D 2 ). • Graduate (C 2 ). Similar to the responsibilities for undergraduate teaching, the key points for graduate teaching include class teaching (D 3 ) and supervising graduates for their master or Ph.D dissertation (D 4 ).
• Rewards on teaching (C 3 ). This item reveals quality of teaching, not the same purpose as the above two which show the quantity of teaching. In Chinese universities the main rewards on teaching consist of teaching achievement (D 5 ), which is an assessment for teachers; excellent doctoral dissertation (D 6 ), which is an evaluation for Ph.D students; and challenge cup contest (D 7 ), which is a competition for bachelor students. Although the last two are rewards for students but also be shown quality of supervision, and consequently deemed important index here.
• Teaching bases (C 4 ). Teaching bases are divided into national and provincial/ministry level, which are approved after severe competition and subsequently become a kind of confirmation of their teaching quality, here including National Experimental Teaching Demonstration Center (NETDC) (D 8 ) and National Outsourcing Talents Cultivating Mode Innovation Experiment Zone (NOTCMIEZ) (D 9 ).
Criteria in Research (B2)
• Research fund (C 5 ). Research funds supported by government projects (D 10 ) are always believed more valuable than those supported by company projects (D 11 ) to academic faculties, due to the competitive nature of the application for government project. However, research funds from company projects are more deemed kind of service for or collaboration with company.
• Patent (C 6 ). In China, patent includes invention patent, utility model patent, and appearance design patent, among which invention patent (D 12 ) and utility model patent (D 13 ) are believed as important items to reveal the capability of researchers.
• Publications (C 7 ). Journal publication, mostly published after peer reviews, has been widely used officially or subconsciously in research performance assessment, and therefore becomes a very important index in this model. 
Making Pair-Wise Comparisons and Obtaining the Judgmental Matrix
Elements are compared pair-wise and judgments on comparative attractiveness of elements are captured using a rating scale (1-9 scale in traditional AHP). 13 experts including president, vice-presidents, deans, professors, and HR staffs are asked for the opinion of the rating scale with full considering the relationship between human capital and achievement on evaluation items.
Determining the Weight
The weights of indices of each layer are obtained using AHP software with version 0.5.2.
Results and Discussion-Case Study
Founded in 1895 as Peiyang University, Tianjin University (TU) is the oldest university in China. TU has been a National Key University since 1959 and also among the first group of universities to be included into the "211" and "985" projects of national investment for developing world class universities. Here, TU has been taken as an example for this case study to estimate the human capital planning of academics.
Establishment of Calculation Model
Two sets of AHP model has been established, considering the characteristics of different schools. They are di-vided with decreasing "research responsibility" and increasing "teaching responsibility": Category I-Engineering Schools, including School of Chemical Engineering, School of Mechanical Engineering, School of Civil Engineering, and so on; Category II-School of Architecture, School of Management, School of Education, School of Liberal Arts and Law, as well as School of Marxism. The matrix and weights are shown in Table 1,  Table 2 , respectively. Both of these two categories have 4 levels, and the main difference between them is the weight on teaching contribution and research outcome as shown followed. 
Faculty Number Planning
Relative scores of each school, which will provide ratios when calculating faculty numbers, could be obtained by each AHP model. For each item, the highest scoring school is assigned a score of 100 and scores of other schools are calculated as a percentage of the top score. The final scores for each item are summed, placed in descending order, and relative ratios are calculated according to their scores, respectively. The planning faculty numbers, with the total number (1778) of 17 schools required by the need and decided by the budget of TU, are then distributed according to the relative ratios of each school as shown in Table 3 . For example, School C has a score of 82.5, taking 9.84% of the total score (838.8), resulting an inductive faculty No. of 175.
Conclusion
A model to estimate human capital planning of high education institutions was successfully established using AHP method. Considering the characteristics and responsibilities of different schools, 2 AHP models containing 4 criteria levels each were established. A case study of Tianjin University was discussed as an example to demonstrate this model, which could provide a good reference during human resources dimensioning process to meet the development and requirement of the goal of universities.
